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ACTIVIES AND FINDINGS

1.  Describe the major research and education activities of the project. 

A. Introduction


Much of the current uncertainty regarding the nature and mechanisms of forest succession is a consequence of the paucity of long-term data sets, particularly those dealing with patterns of establishment, growth, and mortality of individual plants.  The forests of the North Carolina Piedmont have long been viewed as a model system for the study of secondary succession, in part because of the availability of long-term records of forest development.  Among the key issues that remain to be resolved are the processes that influence community reorganization during the transition from even-aged to all-aged stands, and the role of large, infrequent disturbances. PRIVATE 


This LTREB project has continued and expanded upon measurements of the rich assemblage of long-term research plots in and near the Duke Forest and the North Carolina Botanical Garden, and has thereby enhanced the value of these forests as a model system for the study of succession.  

In September 1996, many of the long-term plots that had been previously used in this study were significantly impacted by Hurricane Fran.  Major disturbances like hurricanes are known to play an important role in forest dynamics, but rarely do such events occur on sites with a sufficiently long-term history of research to allow assessment of the changes in ecological processes induced by the disturbance event.  The Duke Forest permanent study plots are being used to assess the impact of wind damage on forest composition and dynamics. 


Field work focused on resurvey of permanent plots, continuation of monitoring of seedling and sampling survival and growth, and relocation and resurvey of inventory plots established in 1977.
B. Mapped forest plots


The study includes 13 large stem maps established over the past several decades and ranging in size from 0.5-6.5 ha.  All 12 of these plots were resampled during 1997-99 and 7 were sampled again during 2000-01.  

C. Seedling and sampling plots


Under the auspices of past LTREB funding we had established and maintained typically 5 or 6  50 m x 1 m transects for monitoring seedling (stems of potentially arborescent species <  1m tall) establishment, survival and growth in 5 intensively studied stands with tree maps. Each of these transects was also associated with an overlapping 50 x 4 m transect for monitoring sapling (stems of potentially arborescent species > 1 m tall and < 2 cm dbh) establishment, survival and growth.  During the summers of 1997-98 we were able to resurvey 3 transects in each of 4 stands for a total of 12 transects per year. During 1999-2001 we were able to expand the resurvey to include annually 27 of the original 28 transects. Approximately 84000 seedlings have been observed on these transects with approximately 10000 alive in any one year.
D. Permanent sample plots


The Duke Forest permanent sample plots include 51 small (~0.1 ha) plots that have been remeasured repeatedly since the 1930's. We remapped twice (1997, 2000) the 34 still extant plots in this set and recorded species, diameter, height and damage codes for all stems >1 cm dbh. Ingrowth of new stems was also recorded. 

E. Tenth-hectare plots

In 1977 230 0.1-ha survey plots were established in the Duke Forest, which include data on soils and herbaceous species plus tree data.  During 1999-2001 88 plots of the 1977 plots were resampled with many more examined and rejected because of major land-use changes. Data collected from the resampled 1977 plots include GPS location, tree species and dbh of all stems over 1 cm dbh, and herb presence and cover in nested quadrates.   In addition, 62  0.1-ha plots were located in the NC Botanical Garden in the early 1990's.   Forty-two permanent  0.1 ha plots were resampled in North Carolina Botanical Garden lands during the summer of 1997.  Data collected in the NCBG  plots include: tree species and dbh, shrub species and densities, herb presence and cover in nested quadrats, subsamples of tree germinules and seedlings, and a survey of the amount of coarse woody debris within each plot.  In addition, trees were assigned damage codes. These are among the very few long-term North American forest plots for which herb data are available.

G.  Data management and access 

All data were entered into computer files, proofread, run through a standard series of error checking programs, and merged with historical data from the plots.  New data sheets for future surveys were generated.  A new access-based data management system was developed.  A website for public distribution of our LTREB data is under construction. A preliminary version can be seen at http://www.bio.unc.edu/faculty/peet/lab/PEL/df.htm
2.  Describe the major findings resulting from these activities.

Data collected for this project are currently being used to address many questions and numerous additional publications can be anticipated.  Below we summarize some of the results to date. 

A. Hurricane impacts


Landscape-scale analyses show relatively predicable patterns controlled by a combination of wind speed, topography and pre-disturbance species composition, in contrast to local patterns, which can be understood only in the context of site conditions and small-scale wind patterns.  In a comparison of three major wind events that impacted the study area (the Umstead tornado 1988, Hurricane Hugo 1989, and Hurricane Fran 1996), Weimin Xi  found distinct differences in the damage caused by hurricanes relative to the tornado, and to some extent consistency between hurricanes.  As compared to hurricanes, the tornado caused significantly greater and less species-specific mortality. Within-stand hurricane damage was more patchy, indicating tree morality risk must be conditioned on occurrence of unpredictable individual gusts. Differences in associated rainfall have strong influences on damage patterns with high rain increasing the risk of blow down relation to breakage.

Large, infrequent disturbances such as hurricanes have major impacts on forest structure and dynamics, but owing to their infrequent nature we rarely have opportunity to compare detailed structural data from before and after an event. We assessed changes in forest structure and evaluated immediate changes in stand structure and gap characteristics resulting from Hurricane Fran using 37 long-term (70-year) permanent plots and eight intensive mapped stands in and near the Duke Forest. Damage severity varied significantly among plots. The hurricane strongly affected community structure by causing a sharp drop in stand density and substantial basal area loss. The hurricane not only increased gap frequency, but also produced more-complex gap characteristics. Maximum gap sizes were 18-34 fold larger than pre-hurricane. These immediate changes will have long-term effects and will doubtless lead to more complex patterns of forest succession.
Large, infrequent disturbances have been hypothesized to have profound effects on forest vegetation and specifically to increase tree diversity through enhanced establishment of tree seedlings driven by increased resource availability. However, a definitive test of this hypothesis requires detailed, rarely available times-series data spanning the disturbance event. Our plots experienced an immediate sharp drop in seedling density and species richness caused by direct windstorm damage.  This was followed by a rapid rebound in stem density and more gradual recovery and enhancement in species richness and diversity. Diversity of regeneration is enhanced by the disturbance event, slowing the ongoing increase in red maple at the expense of  oak and hickory species. Our case study supports the hypothesis that canopy disturbances can promote local species diversity. 

B. Forest succession & community structure
Permanent plots show a widespread increase in dominance of Acer rubrum and a decline of the Quercus-Carya climax of the North Carolina Piedmont. This work uses demographic analysis and forest simulation to explore the implications of the dramatic shift from oak to maple dominance currently on-going in Piedmont forests. Thus far two papers have been published.
Doctoral student Laura Phillips is using resampled 1977 inventory plots containing herb data to test the hypothesis of Christensen and Peet that predictability of species composition as based on soil chemistry increases during the intense competition of the thinning phase, only to relax during the breakup phase and again climb during the old-growth phase (Christensen & Peet 1981).  Similar changes can be expected for the relationship between species diversity and soil chemistry (Peet & Christensen 1988). Thus far she has found a consistent drop in species number, but otherwise support for the Christensen-Peet hypothesis.
The 43 tenth-hectare plots from the North Carolina Botanical Garden were the focus of a Master’s thesis project by Rickie White working under the direction of Dr. Peter White (degree May 1999.  "The impacts of Hurricane Fran on a North Carolina Piedmont woodland").  The emphasis of this work was on the short-term effects of hurricane damage on tree damage, understory herbaceous layer changes, the implications for exotic invasive species, and an overall summary of damage patterns within the area.  Generally the relaxation of competition resulting from tree mortality increased the richness of both native and exotic species. 

The implications of land-use legacies for changes in land cover and forest productivity were examined by Nancy Golubiewski who found that succession cannot be understood outside the context of overlays of past disturbance on the landscape.
D. Spatial pattern


Rob McDonald and others examined the spatial pattern of tree survival and growth in the Bormann plot, a 50-year-old mapped forest.  The goal was to see if changes in spatial pattern over time were consistent with the hypothesis that Quercus is being forced out by competitive pressure from Acer rubrum. Both Acer rubrum and Quercus stems are spatially clumped, but have become less clumped over time. Stem mortality from Hurricane Fran (1996) was more clumped in all strata of the forest, at all spatial scales, than expected if damage had occurred to stems at random. Acer rubrum ingrowth occurred more often near established trees in the midstory, whereas Quercus ingrowth occurred less often near established trees in the midstory. When we tested the specific hypothesis that stems of Acer rubrum in the midstory of the forest are associated with a lack of Quercus regeneration, we found strong support. This affect occurred at all spatial scales tested, including scales larger than that at which direct competition for light can occur.

Using the mathematical properties of presence–absence data, Wagner showed how variogram modeling, the testing of interspecific associations, and multiscale ordination can be integrated using the same set of distance-dependent variance–covariance matrices (variogram matrix). The variogram matrix partitions the variance of community data into spatial components at the levels of the individual species, species composition, and species richness. It can be used to factor out the effects of single-species aggregation patterns, interspecific interactions, or environmental heterogeneity. The mathematical integration of traditionally unrelated methods increases the interpretability of variograms of plant communities, provides a spatial extension and an empirical null model for the variance test of species richness, and extends multiscale ordination to nonsystematic spatial samples.

E. Exotics


Master’s student Katie Bickel used the 1977 plots and their resurvey data to examine the factors that influence that rate of spread of exotics in Carolina Piedmont forests. Areas with high propagule influx rates such as alluvial systems and road sides, have higher levels of exotics.  In addition, more disturbed sites have greater numbers of exotics. Similarly, Rickie White used the 43 0.1 ha plots from the North Carolina Botanical Garden to show how Hurricane Fran increased the abundance and rate of spread of exotics on the landscape

F. Seedling dynamics

Thomas Philippi (S. FL U) continued work in collaboration with Robert Peet on demographic analysis of the seedling and sampling data.  They have found that success of individual seedlings is largely independent from one year to the next.  In addition, size-based models can be used to project likelihood of success in a stable environment.  Occurrence of a major disturbance like a hurricane can have such profound and spatially linked impacts that projections of seedling success from typical, non-disturbance data is not particularly productive. 
3.  Describe the opportunities for training and development provided by your project. 


Four graduate students and one undergraduate student have completed theses based inpart or in full on this project.  Three more are expected to finish degrees in the near future.


Sixteen undergraduates worked as field assistants, thereby gaining doirect exposiure to ecological science.  They learned about field techniques and species identification, in addition to our scientific approach. At least one have gone on the undertake graduate work in ecology and one is employed in an ecology research program.


Data management personnel learned about many aspects of data quality control, data analysis, and database architecture.

4.  Describe outreach activities your project has undertaken.
There have been no direct outreach activites.  However, we do occassionally lead excursions through our study areas for interested lay persons as well as visiting scientists.
In 1999 our research was featured in an article in the popular magazine Fine Woodworking. The emphasis was on changing forest composition and its implications for availability of hardwoods.

PUBLICATIONS AND PRODUCTS

1. What have you published as a result of this work? 
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2. What Web site or other Internet site have you created? 
http://www.bio.unc.edu/faculty/peet/lab/PEL/df.htm

3. What other specific products (databases, physical collections, educational aids, software, instruments, or the like) have you developed?


CONTRIBUTIONS

Now we invite you to explain ways in which your work, your findings, and specific products of your project are significant. Describe the unique contributions, major accomplishments, innovations and successes of your project relative to:

1. the principal discipline(s) of the project; 
The physical vegetation plots we observed and maintained constitute a resource of immense value for future research.  It is hard to underestimate the importance of long-term observations on community composition and individual plant demography.  Without such observation networks, objective study of community dynamics can be greatly constrained.
The Duke Forest and associated LTREB sites have received sufficient study that they now constitute one of the critical model systems for study of community ecology and succession. Few other systems have received this intensity and duration of study, leaving the Duke Forest LTREB site uniquely positioned for addressing new questions.

Our work shows the importance of viewing forest succession as a population process.  Forest dynamics will never be understood without a detailed understanding of the population dynamics of the dominant tree species. Our data and analyses are helping establish the central importance of this approach to study of community dynamics.

The methods we have developed for analysis of forest seedling demography, although not yet published, are receiving considerable interest and are likely to change the way ecologists study forest dynamics.
.
2. other disciplines of science or engineering; 
Conservation Biology and Forestry will need to assess and adapt the improved understanding for forest dynamics that emerge from our work.

Our long-term data served as the basis for site selection for the $411K NSF grant to Rytas Vilgals on 'A microbial observatory in the Duke Forest: Exploring fungal diversity in response to environmental change

3. the development of human resources; 
We have exposed numerous undergraduates to field ecology and several have gone on to graduate school in the field.  Several graduate students have participated in the project and have developed thesis topics as a consequence.

4. the physical, institutional, or information resources that form the infrastructure for research and education; 
The Duke Forest has had sufficient research activity in forest ecology that it functions as a model system for study of forest function and dynamics.  Our data contribute significantly to the development of additional projects that use this system.

5. other aspects of public welfare beyond science and engineering, such as commercial technology, the economy, cost-efficient environmental protection, or solutions to social problems.
Throughout eastern United States oak forests appear to be rapidly being replaced by maple forests. This change in forest composition has implications for biodiversity preservation and management, forest product supply, and human experience of the landscape.  Our research is helping determine the implications of these changes, which in turn should be of broad value to land managers, the forest industry, and others interested in the natural landscape.
